INTRODUCTION {#sec1-1}
============

Lithium has been used for the treatment and prophylaxis of mood disorders since 1950s. Patients taking lithium usually require to take the drug on a long-term basis, which makes the issue of long-term toxicity an important one. Among the various side effects recognized, one of the major side effects is the development of various types of thyroid abnormalities.\[[@ref1]\] High rates of hypothyroidism, goiter 30-55%\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] and thyrotoxicosis has been reported.\[[@ref8][@ref9]\] Female gender and starting lithium at a later age are the main risk factors.\[[@ref3][@ref10][@ref11][@ref12]\] Both the mechanism of its therapeutic action and the mechanisms of its various adverse effects are still incompletely understood. Lithium is concentrated by the thyroid at levels 3-4 times that in plasma and might exert a direct toxic effect on the thyroid gland.\[[@ref13]\]

The most important clinically relevant action purposed is the inhibition of thyroid hormone release.\[[@ref14]\] This may result in the development of goiter and hypothyroidism. Independent effects on the hypothalamic-pituitary-thyroid axis and the receptor mediated mechanism of thyroid hormone action may contribute. The immunological influence of lithium on thyroid antibody concentrations leading to a more rapid onset of thyroid autoimmunity resulting in goiter and hypothyroidism and possibly also a state of hyperthyroidism in some cases has been hypothesized.\[[@ref14]\] Lithium-induced direct damage of thyroid cells with consequent release of thyroglobulin and thyroid hormones into the circulation has been purposed as possible mechanism of hyperthyroidism associated with long-term lithium use.\[[@ref15]\] Additional risk factors such as iodine deficiency, smoking, or goitrogens may leads to thyroid dysfunction.\[[@ref7]\]

Although clinical inspection and palpation of the thyroid gland are fundamental to any physical examination of lithium-treated patients, the assessment of findings varies widely depending on the investigator.\[[@ref16]\] Biochemical assessment includes measurement of serum concentrations of thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4), and thyroid peroxidase antibody and ultrasonographic scanning of thyroid has therefore been performed in lithium-treated populations and found to be a sensitive tool.\[[@ref14][@ref17]\] Unlike other imaging techniques, ultrasonography does not involve radiation exposure and is low in cost, fast, and relatively accurate.\[[@ref18][@ref19]\] Only few studies up to now have used both ultrasonography measurement and biochemical assessment along with clinical palpation in age and gender matched lithium-treated patients and controls.\[[@ref20]\] Decades of clinical use of lithium and availability of new diagnostic tools for thyroid abnormalities have extended the interest to other aspects, including autoimmunity, hyperthyroidism, and morphological changes.\[[@ref21]\]

Most of the earlier study have used clinical inspection, palpitation and measurement of thyroid hormone to assess the change in thyroid status in lithium-treated patients of mood disorders.\[[@ref22][@ref23][@ref24][@ref25]\] Only few studies up to now have used both ultrasonography measurement and biochemical assessment along with clinical palpation in age and gender matched lithium-treated patients and controls.\[[@ref7][@ref14][@ref20]\] Unlike most of the previous studies where normal was taken as control, we include patients with mood disorder as a control because impairment of the hypothalamic pituitary thyroid axis stemming from the mood disorder may leads to changes observed in the thyroid state. Although cross-sectional in design, the main advantage of our study is that this is the first study using ultrasonography to determine thyroid volume along with clinical assessment and thyroid hormone measurement in age and gender matched Indian population.

The primary aim of this study was to see the ultrasonographically measured changes in thyroid gland volume, biochemical parameters (TSH, T3 and T4) and to compare the above findings with gender and age-matched Lithium naοve patients of mood disorder receiving other mood stabilizers such as sodium valproate, divalproex sodium, carbamazepine, oxcarbazepine, and lamotrigine.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design and population {#sec2-1}
---------------------------

This was a cross-sectional study of lithium-treated patients with mood disorders and of gender-and age matched lithium naive patients on other mood stabilizers. Subjects attending outpatient or in-patient Departments of Central Institute of Psychiatry (CIP) were included in the study. All subjects provided written informed consent prior to participating in the study. CIP is an academic psychiatry center with tertiary care facility, has a total bed capacity for 673 patients with more than 55,500 patients attending the outpatient clinic every year, which includes males, females and children. It kept detailed documentation of patient history, course of illness, and pharmacological treatment. Study was passed by the Ethics Committee of the Institute. Lithium-treated subjects of both sexes who fulfilled the following criteria were eligible for the study: Age 18-60 years, a diagnosis of mood disorder according to diagnostic criteria of International Classification of Diseases-10-Diagnostic Criteria for Research (ICD-10-DCR) (WHO, 1992),\[[@ref26]\] continuous and documented maintenance treatment with lithium at adequate blood levels (≥0.6-1.2 mmol/L) for one or more years. Control subjects were gender-and age-matched, who fulfilled the following criteria: Age 18-60 years, age and gender matched patients with mood disorder according to ICD-10 DCR, (WHO, 1992),\[[@ref26]\] who have been on mood stabilizer other than lithium including sodium valproate, carbamazepine, divalproex sodium, oxcarbazepine, and lamotrigine for 1 year or more, no prior use of lithium. The study\'s exclusion criteria for case group: Were use of mood stabilizers other than lithium, the study\'s exclusion criteria for control group, a history of use of lithium and the study\'s exclusion criteria applied to both groups, Any past or family history of thyroid disorder, a history of complete/subtotal thyroidectomy, a history of exposure to thyroid supplements or antithyroid drugs, Iodide, sulfonamide, amiodarone interferons interleukins-2, β-Blockers, or any special diets that might interfere with iodine metabolism. All subjects also underwent a clinical examination and palpation of the neck and thyroid gland.

Measures {#sec2-2}
--------

A semi-structured pro-forma was used for recording demographic details like age, sex, marital status, religion, education, occupation, socioeconomic status, habitat, and family history of thyroid disorder, as well as clinical data such as duration of illness total duration of treatment, continuous duration of treatment, age of onset of mood disorder, history of medical or psychiatric illness, family history of medical or psychiatric illness and premorbid personality. It also included details of physical examination of all organ systems and mental status examination. Finally, diagnosis of the patient according to ICD-10 DCR, (WHO, 1992)\[[@ref26]\] and the drugs taken were also recorded.

Acquisition of ultrasound images {#sec2-3}
--------------------------------

The ultrasound images were acquired with a conventional ultrasound scanner, Envisor HD (Phillips) ultrasound scanner. Ultrasonographic examination of the thyroid was performed using a linear 3-12 MHz transducer with the patient in a supine position and his or her neck hyper extended. The volume of the thyroid lobes was determined using the ellipsoid model by measuring the maximum transversal (T), horizontal (H), and longitudinal (L) diameters. The volume (ml) was calculated with the formula for ellipsoids as described by Brunn *et al*.:\[[@ref27]\] T (cm) Χ H (cm) Χ L (cm) Χ 0.479. Sonographic examinations were performed by the trained radiologist.

Laboratory measurements {#sec2-4}
-----------------------

Venous blood was drawn on the day of Sonographic evaluation and analyzed for TSH, total thyroxine (T4), and total triiodothyronine (T3) at the clinical laboratory of the CIP, Ranchi, India, with the commercially available Syntron^®^ Elisa test kit, Bioresearch, Inc., India. Normal reference value was taken as T3 = 72-184 μg/dl, T4 = 5-13 μg/dl, TSH = 0.5-4 μ-IU/l.

Venous blood was drawn after 24 h of last lithium dose and serum lithium estimation was done at the clinical laboratory of the CIP, Ranchi, India. Ion selective electrode method was used,\[[@ref28]\] with the commercially available Esylyte^®^ Tranasia biomedicals, Mumbai, India.

Statistical analysis {#sec2-5}
--------------------

All analyses were performed with the computer software program, Statistical Package for Social Sciences, version 16.0 (SPSS-16.0) for Windows. Demographic and clinical differences between the groups were tested with McNemar\'s Chi-square test to compare categorical variables. The paired *t*-test was employed for continuous variables such as age, thyroid volume, and thyroid hormone levels. Descriptive statistics was used to calculate mean, percentage, and standard deviation of the sample. The level of significance was taken as *P* \< 0.05 (two-tailed).

RESULTS {#sec1-3}
=======

In our study, 60 patients (30 cases, 30 controls) with the diagnosis of mood disorder fulfilling the inclusion and exclusion criteria were selected. The patients who were receiving lithium treatment were similar to the control group patients who were receiving other mood stabilizers with respect to age, education, marital status, religion, occupation, and habitat. The mean age of patients was 29.40 ± 6.81 years in the lithium group and 28.56 ± 7.40 years in the other mood stabilizers group. Both the groups had 25 (83.3%) males and 5 (16.7%) females \[[Table 1](#T1){ref-type="table"}\]. More than 50% of the patients were from lower socioeconomic status in both the group because the catchment area of our institute is economically underdeveloped. Thyroid was palpable only in 5 (16.6%) patients in lithium group and not palpable in any of the patient of other mood stabilizer group. Both the groups had similar duration of illness, age of onset of mood disorder, continuous duration of treatment, and education in years. The mean age of onset was 23.58 ± 5.82 years for the lithium group and 21.01 ± 5.27 years for the other mood stabilizer group. The total duration of treatment was 4.33 ± 2.94 years for the lithium group and 3.53 ± 2.38 years for the other mood stabilizers group \[[Table 2](#T2){ref-type="table"}\]. No statistically significant difference could be observed in any of the sociodemographic or clinical parameters between two groups. There was no significant group difference in terms of past and family history of any psychiatric or any major medical illness, treatment history, and premorbid personality.

###### 

Comparison of Sociodemographic profiles between patients on lithium and on other mood stabilizers
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###### 

Comparison of clinical profiles between patients on lithium and on other mood stabilizers
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Significantly higher right, left, and total thyroid volume were observed in lithium group subjects as compared to subjects taking other mood stabilizers (all *P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. Significantly increased mean T3 (microgram/dl) value was observed in the lithium group (151.12 ± 4.40) as compared to the other mood stabilizers group (123.33 ± 5.18) (*P* = 0.029) \[[Table 3](#T3){ref-type="table"}\]. Similar trend toward higher mean value of T4 (microgram/dl) (10.87 ± 4.30) was noted in the lithium group as compared to the other mood stabilizers group (9.10 ± 2.74); although, it was not statistically significant. A slight lower mean value of TSH (micro-IU/ml) was observed in the lithium group (3.22 ± 2.06) as compared to other mood stabilizers group \[[Table 3](#T3){ref-type="table"}\]. However, the difference between groups was not statistically significant. Our finding suggests trends toward hyperthyroidism in lithium-treated patients as compared to lithium naοve patients receiving other mood stabilizers.

###### 

Comparison of thyroid profile between mood disorder subjects on lithium and on other mood stabilizers
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In the lithium group, the age of patients in years was found to positively correlate with left lobe volume (*r* = 0.391) and total volume (*r* = 0.376). Similarly, the age of onset of mood disorder was found to correlate positively with right lobe volume (*r* = 0.392), left lobe volume (*r* = 0.394), and total thyroid volume (*r* = 0.407) \[[Table 4](#T4){ref-type="table"}\].

###### 

Correlation of Sociodemographic profile with ultrasonographically measured thyroid volumes and biochemical thyroid parameters (T3, T4, TSH) in lithium group patients (*N* = 30)
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Significantly negative correlation was found between age of patients in years and T4 (*r* = −0.379) duration of illness and T3 (*r* = −0.376), T4 (*r* = −0.380) \[[Table 4](#T4){ref-type="table"}\]. There was no significant correlation between gender, duration of lithium treatment, age of onset of mood disorder, serum lithium level, and serum level of T3, T4, and TSH \[[Table 4](#T4){ref-type="table"}\]. No significant correlation was found between ages, gender, duration of illness, age of onset, duration of treatment, and with any of the thyroid parameters in control group \[[Table 5](#T5){ref-type="table"}\].

###### 

Correlation of Sociodemographic profile with ultrasonographically measured thyroid volumes and biochemical thyroid parameters (T3, T4, TSH) in other mood stabilizers group patients (*N* = 30)
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DISCUSSION {#sec1-4}
==========

Although cross-sectional in design, this study has the advantages as it included gender and age matched control belonging to same geographical area, so to eliminate the chances of normal variation in the prevalence of thyroid disorder primarily due to regional differences in iodine availability. To best of our knowledge, in most of the previous studies healthy volunteer has been used as a control, this study includes patients with mood disorder as a control, to eliminate the chances of variation in thyroid status due to impairment of the hypothalamic pituitary thyroid axis stemming from the mood disorder itself.\[[@ref29]\]

A single ratter using same laboratory and same laboratory technique, ensured uniformity in biochemical assessment of thyroid status. For assessment of thyroid status both ultrasonography and laboratory measurement along with clinical inspection and palpation of thyroid gland was done. To best of our knowledge, only four studies up to now have used ultrasonography both in lithium patients and controls. Although clinical inspection and palpation of the thyroid gland are fundamental to any physical examination of lithium-treated patients, the assessment of findings varies widely depending on the investigator.\[[@ref16]\] Ultrasonographic measurement of thyroid size has therefore been performed in lithium-treated populations and found to be a sensitive tool.\[[@ref14][@ref17]\] Unlike other imaging techniques, ultrasonography does not involve radiation exposure and is low in cost, fast, and relatively accurate.\[[@ref18][@ref19]\]

Ultrasonographically measured thyroid volume was found significantly increased in lithium-treated patients, as reported in previous studies, increased volume was found more common in patients treated with lithium for 1-5 years (44%) or more than 10 years (50%) than in patients who never received lithium (16%).\[[@ref20][@ref30]\] The volumes of the right and the left thyroid lobes were significantly higher in the lithium-treated than among normal controls.\[[@ref7]\] Several mechanisms have been hypothesized to explain the development of increase thyroid volume, like Lithium is concentrated by the thyroid and inhibits thyroidal iodine uptake.\[[@ref31]\]

Various studies\[[@ref16][@ref22][@ref23][@ref24][@ref25]\] have used the laboratory assessment of serum T3, T4, and TSH to study the effects of lithium on thyroid gland. In our study, significantly increased mean T3 value was observed in the lithium group as compared to the other mood stabilizers group. Similar trend toward higher mean value of T4 was noted in the lithium group as compared to the other mood stabilizers group; although, it was not statistically significant. A slight lower mean value of TSH was also observed in the lithium group as compared to other mood stabilizers group. However, the difference between groups was not statistically significant. Our finding suggests trends toward hyperthyroidism in lithium-treated patients as compared to lithium naοve patients receiving other mood stabilizers. Whereas, hypothyroidism is described as commonly known effect of lithium use\[[@ref1][@ref7][@ref14][@ref32]\] hyperthyroidism associated with lithium use has also been described.\[[@ref1][@ref9][@ref23][@ref33][@ref34][@ref35]\] A large retrospective review demonstrated that lithium-associated silent thyroiditis and lithium-associated hyperthyroidism had a much higher incidence (1.3 and 2.7 cases per 1000 person-years, respectively) than that seen in the general population (0.03-0.28 and 0.8-1.2, respectively).\[[@ref15]\] Increased T3 and T4 along with decreased TSH found in our study could be possibly due to increased concentration of lithium in thyroid gland and direct damage\[[@ref13][@ref15]\] of thyroid cells with compensatory hypertrophy leading to increase thyroid volume and release of thyroid hormones into the circulation. Another reason could be autoimmune thyroiditis\[[@ref36]\] or granulomatous thyroiditis.\[[@ref37]\] As in our study starting lithium at a later age has been reported as the main risk factors for increased thyroid volume in lithium-treated patients.\[[@ref14]\] However, we have found no significant correlation between gender, duration of illness, duration of lithium treatment, habitat, serum lithium level, palpable thyroid, and thyroid volume in both groups. Several investigators showed higher incidences of lithium-induced thyroid abnormalities in women.\[[@ref11][@ref14]\] However Perrild *et al*.\[[@ref20]\] reported no gender difference with regard to thyroid volume, in our study we could not find any correlation between female gender and total thyroid volume (*P* = 0.280) \[[Table 4](#T4){ref-type="table"}\], this could be due to small sample size of female patients. Unlike our study significant positive correlation was found between duration of lithium treatment,\[[@ref11][@ref14]\] serum lithium level\[[@ref7]\] and thyroid volume. Duration of lithium treatment and thyroid volume was not found to be significantly correlated also.\[[@ref7]\]

In our study, significantly negative correlation was found between age of patients in years and T4 (*r* = −0.379) duration of illness and T3 (*r* = −0.376), T4 (*r* = −0.380) \[[Table 4](#T4){ref-type="table"}\]. There was no significant correlation between gender, duration of lithium treatment, age of onset of mood disorder, serum lithium level, and serum level of T3, T4, and TSH \[[Table 4](#T4){ref-type="table"}\]. Significantly positive correlation has been found between female gender, duration of treatment, starting lithium at later age, serum lithium level, and hypothyroidism.\[[@ref3][@ref7][@ref12][@ref14][@ref20][@ref38][@ref39]\] No correlation was found between serum lithium level and T3, T4, and TSH values. Hyperthyroidism was not found significantly correlated with gender.\[[@ref40]\]

The design of our study has few limitations like this was a cross-sectional study conducted at a random point in time, concomitant antipsychotics used in the patients could be a confounding factor, small sample size and measurement of thyroid volume by single radiologist.

CONCLUSION {#sec1-5}
==========

Our study has produced several significant findings like ultrasonographically measured thyroid volume was significantly increased in patients receiving lithium therapy as compared to the patients receiving other mood stabilizers, measurements of total triiodothyronine (T3), total thyroxine (T4) and TSH, finding suggests trends toward hyperthyroidism in lithium-treated patients as compared to lithium naοve patients receiving other mood stabilizers and enlargement of thyroid can be diagnosed reliably only by ultrasonography and not by clinical inspection or palpation. Starting lithium at a later age was found as the risk factor for increased thyroid volume in lithium-treated patients but duration of lithium treatment and serum lithium level was not associated with any change thyroid status.

Ultrasonographic measurement of thyroid volume should be included as part of the standard thyroid work-up before initiating lithium prophylaxis and during follow-up of long-term lithium-treated patients. Hyperthyroidism can cause or exacerbate mania, so it is important to be aware of this association during lithium treatment. Additional studies on the incidence and mechanism of lithium associated hyperthyroidism are needed.
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